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INTRODUCTION 

I n  genera l ,  the  o b j e c t i v e s  o u t l i n e d  i n  ou r  o r i g i n a l  
proposal t o  Jet  Propulsion Laboratory have been a t t a i n e d .  The 
o u t l i n e  presented under the heading of "Plan of Approach", 
has been carried ou t  and a f i l m  has been developed having the 
best poss ib l e  combination of p r o p e r t i e s  comprising a l l  the 
variables studied. During t h e  course of  the  work, M r .  D. D. 
Lawson of Je t  Propulsion Laboratory requested that our  work 
include cons ide ra t ion  of the behavior  of g e l a t i n  when tested 
wi th  a t o r s i o n  pendulum. The emphasis was on the  proper t ies  
of g e l a t i n  a f t e r  it had been sub jec t ed  t o  cryogenic temperature 
ranges.  It was recognized t h a t  a complete s tudy could only  be 
done by extending the span of t h i s  c o n t r a c t .  For  t h i s  reason 
t h i s  r e p o r t  is only an in t e r im  f i n a l  r e p o r t  and t h e  c o n t r a c t  
has been extended f r o m  twelve t o  twenty-four months. 

OUTLINE 

The ob jec t ives  t o  be a t t a i n e d  i n  t h i s  e f f o r t  f o r  t h e  
f irst  twelve months..were: 

1. Provide p r o t e i n  f i lms  of var ious  thicknesses der ived  
fromr 

a. Swif t ' s  Superc lear  g e l a t i n .  

b . Deaminated g e l a t i n .  

c . Carbamldated g e l a t i n  

d. Cyanamidated g e l a t i n .  

e . Phenol-formaldehyde r e s i n - g e l a t i n  condensate . 
2 .  The use of p l a s t i c i z e r s  i n  these f i l m s  a t  var ious  

l e v e l s  : 

3.  

a.  

b. 

C .  

d. 

e .  

f .  

The use 

a. 

b. 

None . 
Ethylene glycol . 
Polyethylene g lyco l .  

Dimethylsulfoxide . 
N-Me thy lpyr ro l idone  . 
Glycerol.  

of c roas l ink ing  agen t s  a t  var ious  levels : 

Formaldehyde 

Glyoxal . 
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3. (Contrd), 

c . Glutaraldehyde . 
d. Other. 

4. The use of reenforcing fibers; 

a. Glass fibers. 

b. C a t t l e  hair .  

C .  Collagen. 

, 

d . Cellulose fibers . 
S t a t i s t i c a l  ana lys i s  of the data. 5. 

6. Spec ia l  case of g lycero l :  

a. Optimum level.  

b. Three g e l a t i n  types  tested. 

c .  F ina l  s e l ec t ion .  

7. Spec ia l  t reatments  of f i lms. 

a. None. 

b . Ult ra-v io le t  i r r a d i a t i o n  . 
c .  Heat t reatment .  

d. Cryogenic temperature treatment . 
Comprehensive eva lua t ion  f o r  gas impermeabili ty 
using:  H -  

8. 

a. ' Hydrogen. 

b. Helium. 

c. Oxygen. 

d. Nitrogen 

e .  Carbon dioxide.  

9 .  Tens i le  s t r e n g t h  determinat ions in pounds p e r  
square inch.  



10. 

11. 

12. 
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Torsion pendulum 

a .  Preparat ion of massive specimens.. 

b . Equipment . 
Future work. 

Finaficial .  

P3E PfiRATION OF F 1LY-i 

S w i f t ' s  SuDerclear Ge la t in  

The b a s i c  product f o r  t h i s  work was Swif t ' s  
Supe rc l ea r  Ge la t in ,  a g e l a t i n  of 300 gram tes t  with a n a t u r a l  
.?FI of 3.9-4.1. It was ex t r ac t ed  from a c i d  cured pork s k i n s  
f o r  mexirmrn j e l l y  s t r e n g t h  and minimum v i s c o s i t y .  
used N I S  6-20 a designat ion which s i g n i f i e d  t h e  mesh range. 
Scch a p r o c i c t  was free of f i n e s  and d i d  no t  hydra te  excess ive ly  
fast znd permit%ed the production of almost any concent ra t ion  of 
g e l a t i n  wi th  minimum entrapment of a i r .  

The g r i n d  

3earninated g e l a t i n  was prepared by the r e a c t i o n  with 
n i t r o u s  acid on the  amino groups with the formation of hydroxy groups. q-..'.\ , iAAee - d i f f e r e n t  l e v e l s  of deamination were c a r r i e d  o u t  
i n  o rde r  t o  s e l e c t  t h e  one most s u i t e d  f o r  f i l m  p repa ra t ion .  
F o r  the purpose of  cc l cu la t ions ,  g e l a t i n  was considered t o  con- 
t a i n  46 m i l i i e q u i v a l e n t s  of amino groups p e r  100 grams of g e l a t i n .  
On t h i s  basis, t h r e e  l o t s  o f  deaminated g e l a t i n  were prepared 
us ing  t h e  t h e o r e t i c a l ,  0.5 the  t h e o r e t i c a l  and 0.1 the t h e o r e t i c a l  
amount of sodium n i t r i t e .  

These samples on dry ing  were found t o  be incompletely 
so lub le  end t h u s  had t o  be r e j e c t e d .  The f a c t o r s  respons ib le  
f o r  t h e  l a c k  of complete s o l u b i l i t y  were narrowed down t o :  
amount of n i t r o u s  ac id ,  temperature of deamination and 
i n s o l u b i l i z a t i o n  r e s u l t i n g  from complete drying.  

The prepara t ion  of a s a t i s f a c t o r y  l o t  of deaminated 
g e l a t i n  was accomplished as  fol lows:  

Four hundred f i f t y  grams of g e l a t i n  were soaked i n  
2509 m i .  o f  d i s t i l l e d  water f o r  s e v e r a l  hours.  The gel  was then  
xelted on a water ba th  a t  39-40"C. Nine grams of sodium n i t r i t e  
d i s so lved  i n  100 m l .  o f  water were added dropwise wi th  mechanical 
s t i r r i n g  over  a t e n  minute per iod .  The r e a c t i o n  mixture was 
allowed t o  s t and  f o r  twenty minutes and poured i n t o  t r a y s  t o  
chill. The g e l a t i n  sheets were c u t  i n t o  s t r i p s ,  d ia lyzed  in 
running t a p  water a t  15-17'C f o r  24 hours.  
were p a r t i a l l y  d r i e d  i n  t h e  a i r  and then  c u t  i n t o  0.5 inch 
cubes.  These were held i n  a c o o l e r  f o r  48 hours t o  e q u i l i b r a t e  
t h e  moisture content  and then  assayed f o r  g e l a t i n  conten t .  The 
0 Gela t in  conten t  was 17.53% g e l a t i n .  
packaged i n  250 gram l o t s  i n  Mylar bags and f rozen  i n  a sharp  
f r e e z e r  u n t i l  needed. 

The swelled s t r i p s  

The moist  cubes were 

~~~ 
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CARBAMIDATED GELATIN 

a The prepara t ion  of carbamidated g e l a t i n  was carried i 
o u t  by r e a c t i n g  g e l a t i n  w i t h  potassium cyanate.  
d i t i o n s  of t he  experiment -.thd. cyanic  a c i d  r eac t ed  wi th  t h e  
amino groups t o  y i e l d  s u b s t i t u t e d  u reas .  The same problem Of 
par t ia l  i n s o l u b i l i t y  was encountered i f  the carbamidated g e l a t i n  
was dr ied completely, t he re fo re ,  t he  fo l lowing  procedure was 
developed and used t o  produce a so lub le  carbamidated g e l a t i n .  

were soaked i n  2500 gms. of d i s t i l l e d  water. After mel t ing  a t  
4OoC., nine  grams of  potassium cyanate  d i s so lved  i n  100 m l .  of 
water were added w i t h  s t i r r i n g  and allowed t o  react f o r  25 
minutes.  The mixture was poured i n t o  trays, c h i l l e d ,  cut i n t o  
1/211 wide s t r i p s  and dialyzed f o r  24 hours i n  1 5 4 7 %  water. 
The d ia lyzed  product was p a r t i a l l y  dr ied  i n  an a i r  tunnel ,  c u t  
i n t o  small p ieces  and packed i n  lvEylar bags and frozen.  
s o l i d s  conten t  was 20.7%. 

Under the  con- 

Four hundred f i f t y  grams of Swift  ' 8  Superc lear  g e l a t i n  

The 

CYANAMIDATED GELATIN 

Cyanamidated g e l a t i n  was made jus t  before  t h e  s o l u t i o n  
was c a s t  i n t o  a f i l m .  
l i m i t e d  l i f e  of g e l a t i n  s o l u t i o n s  a f t e r  the a d d i t i o n  of hydrogen 
cyanamide. The l e v e l  of hydrogen cyanamide used was a t  the rate 
of 42 mi l l i equ iva len t$  of hydrogen cyanamide f o r  100 gms of 
g e l a t i n .  The material was convenient ly  measured out  w i th  a 
micro p i p e t t e  as a 50$ aqueous s o l u t i o n .  

This had t o  be done because of the very 

PHENOL-FORMALDEHYDE CONDENSATE-GELATIN 

Phenol-formaldehyde condensate s o l u t i o n s  were prepared 
and added t o  the ge la t in  j u s t  before  pouring onto t h e  f i l m  plates.  
A number of prepara t ions  of a water so lub le  phenol-formaldehyde 
r e s i n  based on the procedure of d 'A le l io ,  (Experimental P l a s t i c s  
- and Syn the t i c  Resins,  John Wiley 8c Sons, (1%0) , P *  w were 
prepared.  None of t h  ese were found t o  be water so lub le  i n  a l l  
propor t ions .  A product made according t o  the  fol lowing d i r e c t i o n s  
was found t o  be s u i t a b l e  and homogeneous a f te r  having added t o  it 
5% of e thanol .  

PREPARATION OF A S0LUBI;E PHENOL-FORMALDEHYDE CONDENSATE 

A mixture of 376 grams of c r y s t a l l i n e  phenol and 420 
grams of formalin catalyzed wi th  3.2 gms . of sodium hydroxide 
d i s so lved  i n  20 ml. of  water were heated i n  a f l a sk  on a g l y c e r o l  
ba th  a t  120 + 5.C with s t i r r i n g  under r e f l u x  f o r  45 minutes.  
Cooled a t  onze i n  an i c e  bath and n e u t r a l i z e d  wi th  0.1 M c i t r i c  
acid and concentrated a t  30.C i n  a llRinco" evapora tor  under 
vacuum. 
removed and the residue was c u t  with water. The heterogeneous 
s o l u t i o n  was rendered homogeneous by the a d d i t i o n  of 5% a lcoho l .  
The r e s i n  conten t  was 22.2$. 

' 

After s e v e r a l  days no f u r t h e r  material was being 
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PLASTICIZERS 

The p l a s t i c i z e r s  o r i g i n a l l y  considered were : g lyce ro l ,  
e thy lene  g lyco l ,  polyethylene glycol, propylene g lycol ,  dimethyl- 
su l foxide ,  N-methyl pyrrol idone.  These were made up as aqueous 
s o l u t i o n s  and were co lored  f o r  easy i d e n t i f i c a t i o n ,  

, e 

CASTING SURFACES 

The c a s t i n g  su r faces  were c l ean  plate glass one f o o t  by 
two feet .  An area 55 x 15 cm. was ou t l ined  with a chinamarker 
p e n c i l  t o  enc lose  an area of 825 cm2. Using a d e n s i t y  of 1.33 for 
g e l a t i n ,  we f i n d  t h a t  2.8 gms. of g e l a t i n  spread o u t  ove r  t h i s  
area y ie lded  a f i l m  one mil (.001 inch)  t h i ck .  

. Summarizing, the bas i c  formula became: 

2.8 grams of g e l a t i n  

28 mgs. of dr ied ox bi le  (1% basis g e l a t i n ) *  

x$ p l a s t i c i z e r  b a s i s  the g e l a t i n  
added as a 2.8% aqueous s o l u t i o n .  

Add s u f f i c i e n t  water t o  permit t h e  825 cm2 t o  be 
covered. The t o t a l  water ranged from 80 t o  
100 m l .  depending upon the amount of 
d i s so lved  s o l i d s  . 
which g e l a t i n  f i l m s  could no t  be removed 
from glass su r faces  . 

The ox b i l e  ac ted  as a release agent  without  U 

Thicker f i l m s  were made by mul t ip ly ing  the basic formula by 
the f i l m  t h i ckness  des i r ed .  The i n i t i a l  set  of f i l m s  was 
l i m i t e d  t o  g e l a t i n  alone, s, t o t a l  of 180 d i f f e r e n t  f i l m s  being 
produced. 
eva lua te  t h e i r  gas permeabili ty i n  a genera l  way. The c a l i b r a t i o n  
and t e s t i n g  of our  equipment us ing  these ear ly  films i n d i c a t e d  t h e  
fol lowing:  

O f  the 180 films prepared we have examined many t o  

1. Helium c o n s i s t a n t l y  diffused through the f i l m s  a t  about 
t w i c e  the  rate of hydrogen, thereby  permi t t ing  u s  t o  speed up 
t h e  screening  of f i l m s  us ing  helium. 

2 .  Our gas permeabi l i ty  determinat ion when run on foutl 
r e p l i c a t i o n s  of 4 m i l  g e l a t i n  films p l a s t i c i z e d  wi th  5% 

atm, 

l y c e r o l  
yielded the fo l lowing  r e s u l t s .  Results are as cc/lOO i n  5 /24 hrs. /  

2.2 cc repea t ing  on the same sample - 2.1 cc 

2.5 cc I t  11 I1 

2.0 cc I1 I1 11 . I1 I1 - 2.2 cc . 
2.3 cc - 2.2 cc II 11 I1  11 
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A s t a t i s t i c a l  eva lua t ion  of t h e  magnitude of the 

T h i s  i s  t o  say that  d i f f e r e n c e s  of 0.2 cc or 
I s i g n i f i c a n t  l i m i t s  y ie lded  a d i f f e r e n c e  of 0.2cc/lOO sq. in . /  

24 hrs./atm. 
greater are s i g n i f i c a n t  i n  95s of the cases. However, t h i s  
i s  t r u e  only of these  f i l m s ,  h a v i n g . t h i s  thickness, composition 
and formulation. Other  films w i l l  no doubt have o t h e r  d i f f e r e n c e s .  

e 

I n  a prel iminary way the fol lowing premeabilities t o  
gases were measured i n  cc/lOO in2/24 hrs  ./atmos . 

2 m i l  Ge la t in  Film 

2% Glycerol  P l a s t i c i z e r  He - 5.0 , A = .034, O2 = 0.1 
I t  He = 4.8, A - 0.3, 0, - 0.02 

5 m i l  Ge la t in  Film 

5% Glycerol  He = 1.9,2.2; ’ o2 = 0.006 

5 m i l  Ge la t in  Film 

3% Ethylene Glycol He = 2.9; 02 = 0.02 

5$ I 1  He = 2.5; H2 = 1.8; o2 - 0.01 

These permeabilities were re-run on the  f i l m s  prepared 
as part of a s t a t i s t i ca l ly  designed series. 

a 
Pursuant t o  Mr. Lawson’s reques t  f o r  an approximate 

cohesive energy dens i ty  c a l c u l a t i o n  we have obtained a value 
u s i n g  t h e  equat ion $2 = ( AHv - RT)/v as repor ted  i n  t he  
Encyclopedia of Polymer Science and Technology, Volume 3, 
page 834. 
we have AHv = 539.5 x 18.02 c l/mol; 
V = 22.4 l i t e r s .  Therefore ,g  

Predica ted  on water being t h e  only s o l v e n t  f o r  g e l a t i n  

= 400 approx. and 8 = 20. approx. 
R T 7 . 3 8 7  x 373.16 and 

It became e v i d e n t . t h a t  the number of specimens would 
have t o  be reduced because of the l i m i t a t i o n s  of the c o n t r a c t .  
Also, the supply of ge la t in  proved t o  be inadequate.  Therefore ,  
a new supply of g e l a t i n  s u f f i c i e n t  f o r  t h e  c o n t r a c t  was obtained.  
Our Divis ion  of Stat is t ics  and Experimental Design recommended a 
des ign  f o r  the production of 165 f i l m s  from 5 v a r i e t i e s  of g e l a t i n ,  
w i t h  5 p l a s t i c i z e r s  a t  3 l e v e l s  and 3 th icknesses  of f i l m .  The 
design was coded as follows: 

P l a s t i c i z e r s  

1 - Ethylene g lycol  (green)  
2 - Polyethylene g lyco l  ( r ed )  
3 - Dimethyl su l foxide  (yellow) 
4 - N-Methylpyrrolidone (purp le)  
5 - Glycerol  (no c o l o r )  
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G e l a t i n  

Thickness 

1 
3 
5 

Levels  

0 
1 
2 

G e l a t i n  
Deaminated g e l a t i n  
Carbamidated g e l a t  i n  
Cyanamidated g e l a t i n  
Phenol-formaldehyde condensate and g e l a t i n .  

1 m i l .  
3 m i l .  
5 m i l .  

The above variables ind ica ted  225 t r i a l s  bu t  these were reduced 
of 165 because one of  the l e v e l s  of p l a s t i c i z e r s  was zero  and 
one determinat ion a t  t h i s  l e v e l  could be used f o r  a l l  p l a s t i c i z e r s .  
The samples were randomized so as t o  y i e l d  a d d i t i o n a l  information 
about  the experimental  e r r o r .  

FILM PREPARATION 

The preferred method of c a s t i n g  a f i l m  was as fol lows:  
The requi red  amount of g e l a t i n  or f rozen  gel  i n  the case of 
deaminated or carbamidated g e l a t i n  was combined with 1% dry ox 
b i l e ,  the requi red  amount of aqueous p l a s t i c i z e r  and enough water 
t o  t o t a l  80 cc of water f o r  1 m i l  f i l m s ,  90 m l  of water f o r  3 m i l  
f i l m s  and 100 m l  of water f o r  5 m i l  f i lms. The mixture was 
melted i n  130-140°F water bath and held long  enough t o  be f ree  
of bubbles before pouring. 
aldehyde r e s i n  treated samples had the requi red  amount of 
a d d i t i v e  added a t  t h i s  point  and were poured on glass. 
which could be expected t o  release poorly were poured on Mylar 
f i l m  cemented t o  g l a s s  plates. Generally,  these were the 
cyanamidated and phenol-formaldehyde r e s i n - g e l a t i n  p repa ra t ions .  

d ry ing  took place a t  a l e i s u r e l y  rate.  
humidity extremes, d i f f i c u l t i e s  were encountered. Drying and 
release were poor i n  t h e  case of high r e l a t i v e  humidity. 
humidity, s t a t i c  a t t r a c t i o n  was s o  great tha t  the  f i l m s  on 
snapping o f f  the support  would be s t r a i n e d  and o f t e n  would 
shat ter  because they were a t t r a c t e d  so  s t rong ly  that  they  could 
n o t  a d i u s t  t o  the changing f o r c e s  i n  the  f i l m .  The f i l m s  were 
s t o r e d  f l a t  i n  envelopes u n t i l  requi red  f o r  t e s t i n g .  Samples 
of f i l m  were condi t ioned a t  73.F and 50% r e l a t i v e  humidity f o r  
a t  least  18 hours before  being tested f o r  helium t ransmiss ion  
and  t e n s i l e  s t r e n g t h .  

The cyanamidated and phenol-form- 

Samples 

General ly ,  the  b e s t  f i l m s  were obtained when the  
I n  t h e  case of r e l a t i v e  

A t  low 



Gas transmissions were determined i n  accordance with 
ASTM Method D 1434-58 using a Dow Gas Transmission Cell manu- 
f ac tu red  by Custom S c i e n t i f i c  Instruments ,  Inc.  

Gas t ransmiss ion  rate i n  method i s  determined from 
measurements of t h e  pressure and volume change of gas t r a n s -  
mi t ted  through t h e  specimen from a chamber of gas a t  a 
s p e c i f i e d  temperature and a t  a s t a t i c  and e s s e n t i a l l y  cons t an t  
pressure  and i n t o  an i n i t i a l l y  evacuated, c a l i b r a t e d  manometer. 
The gas t ransmiss ion  rate is the  s teady  s ta te  volume of t es t  gas, 
converted t o  s tandard  temperature and w e s s u r e  which lsasses 

~ through a known area of speciman per  u k i t  of time. Sieady S t a t e  
i s  def ined as t h a t  s t a t e  of t e s t  condi t ions  a t  which7ZZToE'EF 
of t e s t  gas t r ansmi t t ed  becomes l i n e a r c  with t i m e  . 

The Gas Transmission Cell  was operated us ing  t h e  adapter 
designated by manufacturer f o r  t h e  determinat ion of slow or low 
range t ransmiss ion  rates. The gas used was Grade A Helium manu- 
f a c t u r e d  by the Dept. of I n t e r i o r ,  Bureau of Mines. The average 
pressure  d i f f e r e n c e  between oppos i te  sides of the c e l l  was 750 mm 
mercury and the manometer d e f l e c t i o n  was observed through a 50 mm 
mercury change. The t e s t  a rea  of t h e  specimen i s  lO./sq. cm. 
The tes t s  being conducted a t  73.F and 50% RH. 

The rate being repor ted  i n  cubic cent imeters  p e r  square 
inch  p e r  24 hours cor rec ted  t o  s tandard  temperature and pressure .  

The Tens i le  Breaking S t r eng ths  were determined i n  
accordance wi th  ASTM Method D 828-60 us ing  a S c h a f f e r  Tens i l e  
Apparatus manufactured by Tes t ing  Machine Inc. ,  of New York. 

The tes t  specimens were c u t  t o  1 inch  width and the 
t e s t  conducted wi th  a 2" i n i t i a l  gap between the  jaws a t  a 
speed of 1 f o o t  per  minute. The tests being conducted a t  73'F 
and 50% RH. 

A po r t ion  of the eva lua t ion  was complicated by a 
change i n  the  c h a r a c t e r  of  the  f i lms  themselves a r i s i n g  from 
a change i n  the environment. A l l  of t hese  f i l m s  were prepared 
by c a s t i n g  onto a glass su r face  and permi t t ing  the  f i l m  t o  dry 
a t  ambient temperature and humidity. As t h e  f a l l  season advanced, 
t he  r e l a t i v e  humidity i n  the l abora to ry  underwent a continuous 
change t o  lower va lues .  The rate of f i l m  drying was speeded up 
correspondingly r e s u l t i n g  i n  uneven drying. T h i s  i n  t u r n  produced 
s t r a i n s  i n  the f i l m  a t  the po in t  where, the dry' f i l m  jo ined  t h e  wet 
f i l m  r e s u l t i n g  i n  t h e  formation of rzdges or waves on t h e  f i l m  
s u r f a c e .  These'r idges then made t h e  format ion-of  a gas t i g h t  sea l  
i n  the gas t ransmission ce l l  quite,  impossible.  
specimens were repeated and dried ,$n ' the  t e s t  'room a t  50% relative 
humidity . 
f i l m s  under these condi t ions and thope t h a t  d id  n o t  were repeated 
and dr ied  i n  a I S  c o b l e ~  I )  I .  a t  35'F. Al'l'but . L I  I C C . ,  \ two y ie lded  usab le  f i l m s .  

About t h i r ty -one  

The 'ma jo r i ty  of these tepxi'cates f o A e d  s a t i s f a c t o r y  
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The complete se t  of  r e s u l t s  i s  given below us ing  
symbols t o  prevent  c l u t t e r i n g  of the table. The code used 
for t h e  d i f f e r e n t  v a r i a b l e s  is given below: 

P l a s t i c i z e r s  

a 
\ 

1 - Ethylene g lycol .  
2 - Polyethylene g lycol .  
3 - Dimethyl su l foxide .  
4 - N-Methylpyrrolidone . 
5 - Glycerol .  

Ge la t in s  

1 - S w i f t ' s  Superc lear  g e l a t i n .  
2 - Deaminated g e l a t i n .  
3 - Carbamidated g e l a t i n .  
4 - Cyanamidated g e l a t i n  
5 - Phenol-formaldehyde condensate and g e l a t i n  . 

T h i c kne s s e s 

1 - 1 m i l .  
3 - 3 m i l .  
5 - 5 m i l .  

Levels  

0 - 0% basis g e l a t i n .  
11 

I1  
1 - 2% 
2 - 5$ I 1  

, GEL 
I - 

1 

2 

3 
4 

5 
1 

2 

3 
4 

5 

TIN PL - -  

HELIUM TENSILE 
TRANSMISSION STRENGTH 
cc/lOO in.2/  POUNDS PER 

STICIZER LEVEL THIC lESS 24 hrs./atm. SQ. I N C H .  

1 0 1 13.06 7845 
1 0 1 2 7 A 7  3410 

1 0 1 '  16.1 7490 
1 0 1 13.4 6630 
1 0 1 8.8 7920 
1 1 1 13.81 6185 

1 1 1 17.2 6870 

1 1 1 15.9 6960 

1 15.9 $660 1 1 

1 1 1 11.7 6720 
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HELIUM TENSILE 
TRANSMISS IgN STRENGTH 
CC/lOO i n .  / POUNDS PER 

GELATIN PLASTICIZER LEVEL THICKNESS 24 hrs ./atm. SQ. I N C H .  

1 2 1 1 20.92 7040 

2 2 1 1 26.09 7960 
3 2 1 1 8.5 10410 
4 2 1 1 22.3 6150 
5 
1 

2 
\ 

3 
4 

5 
1 

2 

3 
4 

5 
1 

2 

5 
1 

2 

2 1 1 15.42 

3 1 1 15.1 

3 1 1 16.9 
3 

3 

3 
4 

4 
4 

4 
4 

5 
5 
5 
5 
5 
1 

1 

1 

1 

1 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

2 

2 

1 16.75 
1 12.6 

1 1.98 
1 12.6 

1 15.57 
1 26.17 
1 .96 

1 15 .O 

1 14.88 

1 15.04 
1 16.31 
1 10 .g 

1 12.7 
1 21.18 

1 r 31.3 
1 16.38 
1 11.7 
1 13.4 
1 not  available 

1 18.58 

5400 
4560 

5870 
6750 
5370 
7220 

4340 
6490 

2975 
6500 
7080 
6270 

6390 
9940 
5490 
5400 
7000 
6000 

5780 
6640 

6330 

7220 
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GELATIN 

3 
4 

5 
1 

2 

3 
4 

5 
1 

2 

3 
4 

5 
1 

2 

3 
4 

5 
1 

2 

3 
4 

5 
1 

2 

3 

HELIUM TENSILE 
TRANSMISSION STRENGTH 
cc/loo in.2/ POUNDS PER 

PLASTICIZER UVEL THICKNESS 24 hrs./atm. SQ. INCH. 

2 

2 

2 

3 
3 
3 
3 

3 
4 
4 
4 
4 
4 

5 
5 
5 
5 
5 
1 

1 

\ 1  

1 

1 

1 

1 

1 

2 

2 

2 

2 

2 

, .  2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 
3 
3 
3 
3 
3 
3 

3 

18.6 6950 
13.4 . 6370 
19.82 6530 

9.3 6700 
24 5650 
34.4 5260 
14.2 6780 
13 8020 

13.2 8200 

25-75 6820 
20.94 7190 

15.42 6580 

13.3 6630 
10.1 4880 

20.9 6140 

15.1 4130 

9.9 8330 
6.7 3540 
4.6 13130 
13.2 6850 

3.14 12330 

5.51 . 11490 
5.2 11900 
4.2 7800 
8.1 13890 

7.4 9080 
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a HELIUM TENSIU 
TRANS MISS I ON STRENGTH 
cc/loo in.2/ POUNDS PER 

GELATIN PLASTICIZER LEVEL THICKNESS 24 hrs./atm. SQ. I N C H .  

1 1 3 3.64 11850 

1 2 1 3 4.41 11670 

4 

5 1 1 3 12.1 10340 

2 2 1 3 6.08 13030 
1 3 

1 3 

1 3 

4.71 

10 -46 

14830 

12380 

5.13 
15.1 

11.41 

11430 

6040 

6450 

5.39 

36.6 
12370 

1 14450 Pinholes 
suspected 

3 
4 

4 

4 

4 

4 

5 

1 

1 

3 3 .ll 

9.9 

5.7 

6.32 

2.4 

3.3 
2.68 

11590 

3 8330 
1 

1 

1 '  

3 12140 

3 
4 

3 12100 

3 
5 
1 

1 '  

1 

3 

3 
2 5 1 

5 1 

5 1 

5 1 

1 2 

1 2 

1 2 

1 2 

3 7.5 

3.5 

9 800 

12340 

12000 

17420 

9821 

io460 

9700 

11680 

3 3 
4 3 3 .g4 

2.64 

3.3 
6.6 

6.65 

4 3 6  

5 3 

3 1 

2 3 

3 
4 

3 

3 
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‘ 0  
G E L A T I N  P L A S T I C I Z E R  

5 
1 

2 

3 
4 

5 
1 

2 

3 
4 

5 
1 

2 

3 

4 

5 
1 

2 

3 
4 

5 
1 

2 

3 
4 

5 

1 

2 .  

2 

2 

2 

2 

3 

3 

3 

3 

3 
4 

4 

4 

4 

4 

5 

5 

5 

5 
5 
1 

1 

1 

1 

1 

I;EVEL 

2 

2 

2 

2 

2 

2’ 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

0 

0 

0 

0 

0 

HELIUM 
TRANSMISSION 
cc/loO in.2/ 

THICKNESS 24 hrs ./atm. 

3 9 .4 

3 7.69 

3 5.7 

3 8.8 

3 4.92 

3 5 002 

3 4.5 

3 7 .a5 

3 4.3 

3 5.23 

3 no t  available 

3 3.3 
3 10.1 

3 73.7 

/ 

3 

3 

3 

3 

3 

3 

3 

5 

5 

5 

5 
5 

4*3 
4.71 

3 094 

2.34 

4.54 

3 005 
2.54 

2.73 

4.23 

4.28 

3.8 
2.44 

TENSILE 
STRENGTH 
POUNDS PER 
SQ. I N C H .  

10290 

11450 

13370 

12950 
12890 

13490 
6470 

7110 

12630 

8370 

12100 

7230 

12600 Flyer- 
N.G. 

11580 

11460 

11740 

6410 

11870 

7680 

10880 

16610 

12930 

14640 

.a780 

15600 
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HELIUM TENSILE 
TRANSMISSI N STRENGTH 

24 hrs ./atm. SQ - INCH.  
cc/lOO i n .  B / POUNDS PER 

GELATIN PLASTICIZER U V E L  THICKNESS 

1 5 

-, " -  

1 1 

5 .4 12620 2 1 1 5 
3 
4 

1 7 091 7590 
1 1 5 2-3 13950 

5 1 

2 

.1 5 2.1 10200 

1 14710 2 -26 
2 2 1 5 4.78 13030 

n o t  available 3 
4 

2 1 5 

1 5 2 8.17 16380 

5 2 1 5 

1 5 

7 0 1  

1 3 2.59 14960 
2 3 1 5 3.38 12050 

3 
4 

3 1 5 

1 5 
3.7 13320 
3.3 11700 

5 1 5 

1 5 .  
1 5 

3.14 8230 
1 2 .9 12030 

3.85 15070 

2.86 14090 2 4 

3 
4 

4 1 '  . 5  
4 1 5 2.51 11410 

2.64 16550 

3 -8 10720 
3.16 9730 

5 4 1 5 

1 5 1 5 
2 5 1 5 

1 5 3 
4 

5 3.81 8390 
2.23 11530 

1 82 15420 

1 5 
5 5 1 5 
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GELATIN 

1 

5 

1 

2 

3 
4 

3 

4 

3 
4 

5 
1 

2 

PLASTICIZER 

1 

1 

1 

1 

1 

LEVEL 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 -  

2 

2 

2 

2 

2 

2 

2 

THICKNESS 

5 

5 

5 

5 
5 

5 

5 

5 

5 

5 

5 

5 

5 

HELIUM TENSILE 
TRANSMISS I g N  STRENGTH 
cc/lOO in. / POUNDS PER 
24 hrs./atm. SQ. INCH. 

1.8 

2.79 

4.28 

1.97 

2.46 

3.38 

8.1 

2.8 

3.8 

3.1 

4.59 

3.68 

3.22 

2.7 

3.17 

3.3. 

9 .8 

2.8 

4.2 

2.5 

1.6 

5.81 

3.3 

3.73 

2 * 7  

11450 

15420 

12620 

16180 

8500 

11610 

14460 

9350 

10890 

12590 

9170 

11530 

12110 

9 600 

9990 

12670 

14700 

15000 

5670 
11020 

14260 

89 80 

6110 

11250 

9400 
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The a n a l y s i s  of t he  data suppl ied  by our Experimental 
S t a t i s t i c s  Divis ion is made part of t h i s  r e p o r t  and i s  a t t ached  
below: 

One hundred f i f t y  po in t s  were taken from the  data 
a v a i l a b l e  t o  get es t imat ions  of e f f e c t s  of g e l a t i n s ,  
p l a s t i c i z e r s ,  l e v e l s  of p l a s t i c i z e r s  and f i l m  t h i cknesses  on 
gas t ransmission.  The po in t s  analyzed d i d  n o t  take i n t o  
account t h e  zero  l eve l  of p l a s t i c i z e r s .  

Analysis of variance showed most main e f f e c t s  as 
s i g n i f i c a n t  and no i n t e r a c t i o n s  (only 2 way i n t e r a c t i o n s  were 
examined) as s i g n i f i c a n t .  

main e f f e c t s  which were s i g n i f i c a n t  . 
I. Film Thickness 

The mean gas t ransmission values  are given for the  

Thickness Average 

1 m i l .  

3 m i l .  

16..07 cc.  

5.89 cc.  

5 m i l .  3.70 cc.  

The mean values  a l l  d i f f e r  s i g n i f i c a n t l y  from each 
o t h e r .  Taking 1 m i l  and 16-07 c c ' s  as a base value.  and 
assuming t r a n  
expected valu 
and f o r  5 m i l  
s u b s t a n t i a t e s  

smission is inverse ly  related t o  th ickhess ,  t h e  
es f o r  3 m i l  would be 5.36 ( a s  opposed t o  5.89) 

3.21 (as opposed t o  3.70) . 
the  inverse  r e l a t i o n s h i p  f a i r l y  well . The data thus 

11. P l a s t i c i z e r s  

Type Average 

1. Ethylene g lycol  8.95 cc 

2 .  Polyethylene g lycol  9.46 cc  

3. Dimethyl su l foxide  8.74 cc 

4. N-Methyl pyrrolidone 8.84 cc 

5. Glycerol  6.79 cc 

6. Control  (Zero Level)" 8.56 cc 

15 observat ion f o r  mean r a t h e r  than  45 as wi th  1, 2 ,  3, 4, 5. * 
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The b a s i c  d i f f e rence  is that  p l a s t i c i z e r  g l y c e r o l  
r e s u l t s  i n  s i g n i f i c a n t l y  l o w e r  gas t ransmiss ion .  A l l  o t h e r  
p l a s t i c i z e r s  d i d  n o t  s i g n i f i c a n t l y  d i f f e r  from one another .  

111. Gela t in  

1. Ge la t in  

2. Deaminated ge l a t in  

3 . Carbamidated g e l a t i n  

4. Cyanamidated gelat ' in 

5. Phenol formaldehyde condensate 
and g e l a t i n  

7.64 

11 002 

9.74 

7.43 

6.95 

A t  95% confidence, t h e  follow-ng d f f e r e n c e s  are 
s i g n i f i c a n t .  #2 and 3 are s i g n i f i c a n t l y  higher than  #1, 4 
and 5. There are no d i f f e r e n c e s  between 1, 4 or 5. 

N. 
L e v e l  of p l a s t i c i t y  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  

as t rznsmission.  Mean f o r  '2% was 8.491 mean f o r  5% was 
8.621. P l a s t i c i z e r  a t  0 l e v e l  has mean 6.560. 

I n  summary, the lower gas t ransmiss ions  are 
a s s o c i a t e d  wi th  t h i c k  f i lms ,  g lyce ro l  and e i t h e r  g e l a t i n  
a lone,  cyanamidated ge l a t in  o r  phenol-formaldehyde condensate 
and g e l a t i n .  The d i f f e r e n c e s  stated as s i g n i f i c a n t  are based 
on an error term es t imated  by t h e  higher i n t e r a c t i o n .  
were a l s o  f o u r  missing values  which were estimated by a row x 
column mean value.  Thus t h e  a n a l y s i s  given here se rves  as an 
e s t i m a t i o n  only, and modif icat ion w i l l  no doubt be necessary.  

There 

The s i g n i f i c a n t l y  lower gas t ransmiss ion  value f o r  
f i l m s  conta in ing  g lyce ro l  when compared wi th  t h e  c o n t r o l  
without  g lyce ro l  suggested t h a t  the  presence of g lyce ro l  
improves t h e  r e s i s t a n c e  of t he  f i l m  t o  helium t ransmiss ion .  
The f a c t  t h a t  the 5% l e v e l  of g lyce ro l  was b e t t e r  than  t h e  
2 s  l e v e l  i n d i c a t e d  only t h a t  the higher l e v e l  was better 
but provided no information as t o  the optimum l e v e l .  The 
de termina t ion  of t h i s  optimum l e v e l  of g lyce ro l  w i l l  be 
t aken  up l a t e r .  The s i m i l a r i t y  of t he  values  found f o r  t h e  
o t h e r  f o u r  p l a s t i c i z e r s  when compared wi th  zero  l e v e l  
suggested t h a t  they  a r e  i ne r t  as f a r  as in f luenc ing  t h e  
gas t ransmiss ion .  T h i s  was f u r t h e r  evidence t h a t  g l y c e r o l  
had a s p e c i a l  p l ace  as a g e l a t i n  p l a s t i c i z e r .  
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On t h e  basis o f  the information contained i n  the 
s t a t i s t i c a l  a n a l y s i s ,  t h e  fol lowing s e l e c t i o n s  were made: 

A. 

- 

B. 

C. 

I n  t he  a rea  of t h e  type of g e l a t i n :  

1. Swif t ' s  Supe rc l ea r  Ge la t in .  

2 . Cyanamidated g e l a t i n  . 
3.  Phenol-formaldehyde condensate 

and g e l a t i n .  

I n  the a rea  of p l a s t i c i z e r s :  

1. Glycerol  - 5% 

2 .  None 

I n  the a rea  of f i l m  th ickness :  

1. Nominally one m i l  

Summarized t h i s  means t h a t  we had s i x  v a r i a t i o n s  
t o  be evaluated w i t h  t h e  s e l e c t e d  c r o s s l i n k i n g  agen t s ,  

CROSSLINKING AGENTS 

The need for a s u i t a b l e  method f o r  in t roducing  
known amounts of  c ros s l ink ing  agents  i n t o  a f i l m  r e s t r i c t e d  
u s  t o  the a d d i t i o n  of known amounts of t he  c ros s l ink ing  
agen t  i n  liquid or solid form. For  example, t rea tment  of 
f i l m s  wi th  gaseous formaldehyde would have been t o o  inexac t  
because t h e r e  would have been no adequate con t ro l  over  t h e  
a c t u a l  amount of c ros s l ink ing  agent  picked up by the  f i l m .  

The i n i t i a l  ob jec t  of t h i s  search  f o r  a way t o  
c r o s s l i n k  our  f i l m s  was t o  determine t h e  amounts of c ross -  
l i n k i n g  agent t h a t  could be.added t o  a formulated g e l a t i n  
s o l u t i o n  without causing it t o  gel  and a t  the same time 
form a dry f i l m  t h a t  would be h o t  water in so lub le .  It was 
assumed t h a t  t h e  minimum amount of c r o s s l i n k i n g  requi red  t o  
do t h i s  would a l s o  b r i n g  about a s i g n i f i c a n t  change i n  t h e  
gas t ransmission of t h e  f i l m .  

I n  o r d e r  t o  prevent premature g e l a t i o n ,  a l l  c ross -  
l i n k i n g  agents  were added as l . O $  s o l u t i o n s .  
g e l a t i n  formulat ion used was: 

The bas i c  
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1 4  gms S w i f t ' s  Superc lear  G e l a t i n  

140 mgs. ox b i l e .  

25 m l .  of 2.8$ Glycerol .  

75 m l .  water 

The chosen amount of formaldehyde was added t o  
each melted sample, mixed and c a s t  onto a glass plate .  After 
dry ing  the f i l m s  were judged by t h e i r  behavior i n  hot  water. 
The r e s u l t s  s o  obtained are summerized i n  the  table below: 

ml. of 1.0% $ Formaldehyde Behavior i n  
No. Formaldehyde basis Ge la t in  Hot Water 

1. 1 . 4  m l  0 01 disso lved  

2. 4.2 m l  0.3 so lub le  but less r e a d i l y  

3. 5.6 m l  0.4 in so lub le  

4. 7.0 m l  0.5 inso lub le  

5* 10.0 m l .  0.75 inso lub le  

The above results were obtained with concent ra t ions  
of g e l a t i n  used t o  produce f i l m s  nominally f i v e  m i l s  t h i c k .  
Formulation number four  was chosen as being most applicable t o  
all f i l m  t h i cknesses .  

GLYOXAL AS A CROSSLINKING AGENT 

Glyoxal l e v e l s  and concent ra t ions  were chosen i n  a 
similar manner as shown i n  the table below: 

F i lm a t  72% 
f o r  1 h r . -  

P 
m l .  of Glyoxal S o l u b i l i t y  

No. Glyoxal Gela t in  ho t  water water 

1. 1 . 4  0 01 so luble  

I$ basis i n  S o l .  i n  ho t  

2 .  5 .O 0.36 so lub le  

3 .  10 .o 0.72 so lub le  in so lub le  

4. 15 .O 1.07 so lub le  in so lub le  
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The less r e a c t i v e  na tu re  of t h e  glyoxal  could be 
explained by i t s  pronounced tendency t o  hydrate  and t o  form 
a c e t a l s  w i t h  t h e  hydrated forms. Since t h i s  r e a c t i o n  i s  
reversed by heat, t h e  c ros s l ink ing  a f t e r  one hour a t  72OC 
brought about t h e  requi red  water i n s o l u b i l i t y .  The l e v e l  of 
glyoxal  s e l e c t e d  was t h e  0.72% l e v e l  basis g e l a t i n .  

GLUTARALDEHYDE 

The optimun l e v e l  of glutaraldehyde was chosen , 
from the  fol lowing series:  

m l .  of 1% $ Glutaraldehyde S o l u b i l i t y  
No. Glutaraldehyde basis Ge la t in  i n  h o t  water 

1 1.4 

2 5 -0 
3 7.5 
4 10 .o 

0.1 Soluble  

0.36 P a r t i a l l y  so lub le  

0.54 Inso lub le  

0.71 Inso lub le  

5 1 5  .O 1.07 Inso lub le  

Allowing f o r  some margin of s a f e t y  we e l e c t e d  t o  
use t h e  0.7% l e v e l  basis g e l a t i n .  

OTHER C Z O S S L I N K I N G  AGENTS 

The use of hexamethylene te t ramine  was t r i ed  because 
However, of the slow rate with which it r e a c t s  w i t h  p r o t e i n s .  

none of i t s  r e a c t i o n  products with g e l a t i n  were in so lub le  and 
because it o f f e r e d  no advantages, no f u r t h e r  e f f o r t  was made 
t o  use it. 

The i n i t i a l  set  of e ighteen  c ross l inked  unsupported 
g e l a t i n  f i l m s  had t o  be repeated because the f i l m s  could no t  
be removed from t h e  p l a t e  g l a s s  without d e s t r u c t i o n .  A second 
s e t  of f i l m s  was c a s t  onto Mylar f i l m s  laminated t o  plate  
glass us ing  a pressure  s e n s i t i v e  adhesive.  The material used 
was obtained from t h e  Universal  Coating Company, 2320 E .  26th 
S t r e e t ,  Minneapolis 6, Minn. 

The range of condi t ions  of these e ighteen  f i l m s  
included three types  of g e l a t i n ,  namely, S w i f t  I s Superc lear  
ge la t in ,  carbamidated g e l a t i n  and phenol formaldehyde conden- 
s a t e - g e l a t i n .  
namely, O$ and 5% b a s i s  g e l a t i n .  F i n a l l y ,  a l l  samples were 
c ros s l inked  w i t h  one of  three c r o s s l i n k i n g  agents ;  formaldehyde, 
g lyoxal  and glutaraldehyde.  

The g lyce ro l  p l a s t i c i z e r  was he ld  a t  two levels ,  
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The experimental  condi t ions  f o r  preparing these 

films were so  similar t h a t  t h e  procedure f o r  a g e l a t i n  f i l m  
p l a s t i c i z e d  with 5% g lyce ro l  and c ross l inked  with formaldehyde 
could serve as a model f o r  a l l  of them. 

2 .8  Grams of S w i f t ' s  Supe rc l ea r  g e l a t i n ,  28 mg. of 
powdered ox b i l e ,  80 m l .  of d i s t i l l e d  water and 5 m l .  of 2.8% 
aqueous g lyce ro l  were mixed and allowed t o  swell f o r  one hour. 
The swelled g e l a t i n  was melted a t  5O'C i n  a water bath while 
covered w i t h  a watch glass .  After melt ing,  complete mixing 
by c a r e f u l  s t i r r i n g  was apparent by the  absence of s c h l i e r e n .  
Inmediately p r i o r  t o  cas t ing  the  f i l m ,  1 . 4  in1 of 1% aqueous 
formaldehyde was added and gen t ly  s t i r r e d  i n .  The r e s u l t i n g  
c l e a r ,  bubble f r e e  s o l u t i o n  was poured onto t h e  c a s t i n g s u r f a c e  
and allowed t o  dry spontaneously without any a r t i f i c i a l  a i r  
movement. Tuenty f o u r  hours l a t e r  t h e  f i l m  was peeled o f f ,  
condi t ioned a t  l e a s t  e ighteen  hours a t  73,F and 50% r e l a t i v e  
humidity and eva lua ted  f o r  helium t ransmiss ion  and t e n s i l e  
s t r e n g t h .  

- 

The fol lowing table summerizes t h e  compositions and 
t h e  t e s t  r e s u l t s :  



I !  

- u 3 \ o  
0 0  . .  

c u c u  
0 0  
. .  c u c u  

0 0  
0 .  

Q U 3  
0 0  

e .  

. U U  
0 0  

c u c u  
0 0  
. .  

c I 
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The a n a l y s i s  of da ta  revealed t h a t  c r o s s l i n k i n g  
had no s i g n i f i c a n t  e f f e c t  on the helium transmission.  
However, t h e  l e v e l  of g lycero l  had a very s t rong  p o s i t i v e  
e f f e c t  Gn t h e  impermeability of t h e  f i l m  t o  helium. The 
t e n s i l e  s t r e n g t h  was much l e s s  e f f e c t e d  by the  var ious  
changes i n  t h e  f i l m  formulations.  

OWIML~4 GLYCEROL mVEL 

The ind isputab ly  lower helium t ransmiss ion  of t h e  
5% g lyce ro l  samples suggested t h a t  there might be a s t i l l  
more e f f e c t i v e  l e v e l  of g lyce ro l .  I n  o rde r  t o  f i n d  ou t  If 
this was indeed so,  t h e  following screening  t e s t  was 

1 

2 

3 
4 

5 

6 

7 

8 

9 

perf  orfied : 

% ox GLYCEROL He 
GZLATIN BILE BASIS WATER TRANS- 

No. GIGS . m g  GELATIN cc  MISSION 

2.8 28 5 90 

2.8 28 8 87 

2.8 28 11 84 

2.8 28 1 4  81 

2.8  28 17 78 

2.8 28 . 20 75 

2.8 28 26 69 

2.8 28 23 72 

2.8 28 29 . 66 
* 

- Suspected o u t l i e r  

15.84 

17.06 

13.3 
9.84 

8.05 
28.8* 

11.4 

9 e 8  

10.07 

TENS IIIE 
STRENGTH 

7620 

5720 

4090 

5560 
6230 

4990 

5950 

5 510 

4780 
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The r e s u l t s  of t h e  screening tes t  suggested t h a t  the  
most u s e f u l  g l y c e r o l  content  probably l a y  between 8 and 18$ 
g l y c e r o l  basis t h e  g e l a t i n .  
i n  o r d e r  t o  determine this value for each type of g e l a t i n .  

The fol lowing series was set  up 
a 

SWIFT 'S SUPERCLEAR GELATIN 

HELIUM 
TRANS - 

GLYCEROL WATER cC/100in .2/ STRENGT)) 
ox 2.8% M I S S I O N  TENSILE 

m l .  24 hrs/atm. lb s / in .  
GELATIN BILE $ 

GLYCZSFIOL G N S .  mg. cc - 
8 2.8 28 8 90 17 73 4340 

10 2.8 28 10 90 15.51 ,5950 

12 2.8 28 ' 12 90 14.25 4330 

14 2.8 28 14 90 13 85 4400 

6780 16 - 2.8 28 16 90 11.46 

18 2.8 28 18 90 12.12 4020 

CYANAMIDATED GELATIN 
e 

8 2.8 28 8 90 15.28 6020 

10 2.8 28 10 90 13.12 5020 

12 2.8 28 12 90 17.73 5560 

14 2.8 28 14  90 12.32 4660 

16 

18 

8 

10 

12 

1 4  

16 

18  

2.8 28 16 . 90 16.15 4860 

2.8 28 18 90 21.54 5 520 

PH3NOL FORMALDEHYDE CONDENSATE - GELATIN 

2.8 28 8 90 b r i t t l e  
I 1  2.8 28 10 90 

2.8 28 12 90 11.75 

2.8 28 14 90 19.50 

2.8 28 16 90 10.80 

2.8 28 18 90 15.4 

5550 
5800 

4280 

4750 . 
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Inspec t ion  of t he  data ind ica t ed  t h a t  there were 
no s u b s t a n t i a l  d i f f e r e n c e s  between g e l a t i n s  and tha t  
unxodif ied g e l a t i n  y ie lded  t h e  most c o n s i s t a n t  r e s u l t s .  
I n  t h e  handling of these  f i l m s ,  it was no t i ced  t h a t  the  
f i l m s  made f rom modified g e l a t i n s  tended t o  break more 
eas i ly  and tended t o  i n v i t e  damage more r ap id ly .  
these reasons we have decided t o  r e s t r i c t  f u r t h e r  
experimentat ion t o  S w i f t ' s  Superc lear  g e l a t i n  a lone  with 
a p l a s t i c i z e r  conten t  of 16  percent .  

For 

REENFORCING FIBERS 

a .  Glass F ibe r s .  

The use  of chopped glass f ibers  as reenforc ing  
agents  for g e l a t i n  f i l m s  was abandoned because it was found 
impossible t o  mat t h e  ind iv idua l  f ibers i n t o  t h e  f i l m .  The 
grobable explana t ion  i s  t h a t  t h e  so lven t  had no e f f e c t  on 
t h e  fi,&rs and consequently these were t o o  st iff  t o  form a 
m a t  . 

b.  Cattle Hair .  

The use of c a t t l e  ha i r  appeared t o  be imprac t i ca l  
bzcause f i lms made wi th  it behaved as i f  they were f u l l  of 
p i n  h o l e s .  Presumably, t he  gas is able t o  t r a v e l  a long  o r  
through t h e  ha i r  s h a f t  and thus  pass through t h e  f i l m .  I n .  
a d d i t l o n ,  t h e  r e l a t i v e l y  l a r g e  s i z e  of t h e  f i be r s  when 
comparsd t o  t h e  f i l m  th ickness  made it u n l i k e l y  tha t  a 
s a t i s f a c t o r y  combination could be found. 

C .  Collagen. 

The use of r e c o n s t i t u t e d  co l lagen  from dry  co l lagen  
f lbers  f a i l e d  t o  y i e l d  lump free f i l m s .  I n  connection wi th  
o t h e r  work we have made fi lms us ing  r a t i o s  of g e l a t i n  t o  
co l lagen  comprising 2 t o  1, 1 t o  1 and 1 t o  2 us ing  fresh 
col lagen  f i b e r s  . 

The method of preparing f i l m s  from t h i s  form of 
co l lagen  was a s  fol lows:  
cqueous s o l u t i o n  a f te r  swe l l ing  and melt ing a t  45°C. 
cool ing  t o  30-35*C,  t he  pH was ad jus t ed  t o  2.6 with l a c t i c  
a c i d .  
amount hydrated co l lagen  d ispersed  i n  t h e  necessary amount of 
water.  The blending was done i n  a Hobart dough mixer and 
forced  through a f i l t e r  screen.  
a vacuum chamber without g e l a t i o n  d i f f i c u l t i e s .  The mass was 
cast i n t o  non-orientated f i l m s  on Mylar coated plates  and 
allowed t o  dry  i n  a stream of unheated a i r .  Films of t h i s  
t y p e  exh ib i t ed  t e n s i l e  s t r e n g t h s  of 12000 + 2000 p s i  which 
was comparable t o  g e l a t i n  a lone,  however nothing was known 
of their behavior regarding gas  t ransmission o r  e l a s t i c  
p r o p e r t i e s  a t  cryogenic temperatures.  I n  o r d e r  t o  develop 
such information we proposed t o  make f i l m s  by t h e  above . 
d e s c r i b e d  method l i m i t i n g - o u r s e l v e s  t o  a r a t i o  of two parts 
of g e l a t i n  t o  one p a r t  of co l lagen .  The excess ive ly-h igh  

The g e l a t i n  was made up as a 2 1/2$ 
After 

The g e l a t i n  s o l u t i o n  was then  blended w i t h  t h e  requi red  

Deaeration was e f f e c t e d  i n  

- 
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viscosity of t h e  mixture caused 
of  co l i sgen  t o  gela'cir, t o  a one 

us t o  r e v i s e  t h e  propor t ions  
t o  one r a t i o .  

Gelzitin-Collagen Rat io ,  1 t o  1. 

wzter were slurried i n  a Hobart mixer a t  2 1 V .  

s ~ , c - ~ z ( i  a d  disso lved  i n  1500 gms of d i s t i l l e d  water. After 
xelting End cool ing t o  35"C, t h e  pH was a d j u s t e d  t o  3 wi th  85% 
l z c t i c  e c i d  (app. 7 grns. r equ i r ed ) .  An a d d i t i o n a l  12.4 gms 
x a s  added and then  d i l u t e d  t o  a n e t  of 2000 gms. for a f i n a l  
p 3  of 2.6. Af t e r  c o o l i n g  t o  30°C the  g e l a t i n  s o l u t i o n  was 
added to the  col lagen slurry wi th  s t i r r i n g  over  a f i f t e e n  
n inu te  per icd .  Mixed twenty minutes longe r  and f i l t e r ed  

. through a s t a i n i e s s  s t e e l  screen t o  remove any lumps. The 
f i l t r a t e  tias deaerated i n  a vacuum chamber a t  30 inches of 
vzcucm. The f i n a l  s l u r r y  was then  used t o  cast firms of 
varying th ickness  on Mylar su r faces .  

150 gms of f rozen co l lagen  and 850 of d i s t i l l e d  
41.5 grns 

oL ;-lL-Glri ' (con-Laining 37.5 g m  cf anhydrous g e l a t i n )  were 
- -  

COLLAGEN - GELATIN FILMS 1 : 1 

TENSILE A p-s-1; d.. -; L FILN He 
KNIFE T H I C  ICt40,S S TRANSMISS I O N  STRENGTH 
hi: - n r-,n .I. I - i 9 G  Mils. cc/1001n .*/24 hrs ,/atm. lbs ./sq . in. 
G .02j" porous - 
. 0 32:' - porous 

.040" 1.65 25.84 2710 

.050" 2.4 26.24 2550 
,060'~ 2.3 88.6 3512 

0. C75" 2.55 17.8 3142 

G.lC0" 3.55 . 14.2 5120 

0.1jG" 4.48 8.09 6060 

0.200'' 4.78 6.05 6690 

A second se t  of f i l m s  was prepared us ing  an 
Imp-oved process f o r  t h e  prepara t ion  of t he  co l lagen  i n  which 
ice used 65% i sop ropy l  a l coho l  t o  dewater t h e  f ibers .  
mixing of t he  g e l a t i n  and co l lagen  were performed more 
s lo i~ i ly  r e s u l t i n g  i n  be t te r  co l lagen  dispersion i n  t h e  mix. 
The zmount of co l lagen  was decreased t o  a co l l agen-ge la t in  
ratio of 1 to 1.25. 

The 
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100 gms of dewatered col lagen f ibers  ( con ta in ing  30% 

41 gms of g e l a t i n  swelled i n  1500 grns of water,  melted, 
Added 12.4 

s o l i d s )  and gC0 gms of d i s t i l l e d  water  were s l u r r i e d  and cooled 
t o  2 O o C .  
cooled t o  35°C and added 7 gms of 85$ l a c t i c  a c i d .  
grns more of 85s l a c t i c  a c i d  and d i l u t e d  t o  2000 grns. T h i s  
g e l a t i n  s o l u t i o n  was added dropwise t o  t h e  col lagen slurry 
us ing  a dropping funnel  over an h o u r ' s  per iod of time. The 
e d d i t i o n  was p a r t i c u l a r l y  slow a t  t h e  beginning so  t h a t  the  
paddle had a maximum opportuni ty  t o  work t h e  doughy co l lagen .  
T h i s  working r e s u l t e d  i n  a more e f f e c t i v e  d i spe r s ion  of the 
co l lagen  as t h e  a d d i t i o n  proceeded. The f i n a l  mix was 
f i l t e r e d  through a s t a i n l e s s  s t e e l  screen, deaerated i n  a 
vacuum chamber and c a s t  i n t o  f i lms us ing  a #361 Gardner kn i fe .  

COLLAGEN - GELATIN FILMS 1 t o  1.25 

o . c60i1 

G .o7oii 

o .080ii 

0 .OSiG" 

0 .loo" 

TENSILE FILM He 
THICKNESS TRANS MISS I O N  STRENGTH 
I N  M i l s .  cc/lOOin.2/24 hrs./atm. lbs./sq. i n .  

1.57 

2.47 

2.64 

2.98 

39 089 
Porous 

1735 

Porous 

21.1 2724 

15.1 3937 

17.18 3380 

Inspec t ion  of the  d a t a  showed t h a t  t h e  use of 
co l lagen  appeared t o  i m p a r t  no b e n e f i c i a l  c h a r a c t e r i s t i c s  t o  a 
g e l a t i n  f i l m .  While t h e  values a r e  somewhat e r r a t i c ,  t h e i r  
average ind ica t ed  no supe r io r  q u a l i t i e s  e i t h e r  i n  helium 
lmpermeabili ty OT i n  t e n s i l e  s t r e n g t h .  
e l i m i n a t e d  co l lagen  f i b e r  re inforced  f i l m s  from the  program. 

Consequently, we have 

d .  Cel lu lose  F ibe r s .  

The use of c e l l u l o s e  f i b e r s  appeared t o  o f f e r  t h e  
t e s t  chance o f  success .  Dispersion o f  c e l l u l o s e  f ibe r s  i n  a 
g e l a t i n  s o l u t i o n  p r i o r  t o  c a s t i n g  have usua l ly  r e s u l t e d  i n  an 
uneven d i s t r i b u t i o n  of t h e  f i be r s  i n  t h e  f i l m .  A more workable 
a p 9 ~ o a c h  has been the  use o f  a preformed l a y e r  of f i be r s  and 
apply ing  t h i s  t o  t h e  g e l a t i n  s o l u t i o n  t o  y i e l d  a f i l m  conta in ing  
c e l l u l o s e  reenforc ing  f i b e r s .  The ma te r i a l  bes t  s u i t e d  f o r  t h i s  
applLcat ion has been l e n s  paper,  
and i s  f r e e  o f  f i l l e r s .  
but t h i s  appeared t o  have l i t t l e  e f f e c t  upon t h e  f i l m  p r o p e r t i e s .  
1-L was e a s i e r  t o  keep f l a t  if the paper d i r e c t i o n  was maintained 
perpendicular  t o  the  long d i r e c t i o n  of t h e  f i l m .  Also, a s l i g h t  

It i s  very t h i n ,  has long f i b e r s  
T h i s  paper has a d e f i n i t e  f i b e r  d i r e c t i o n ,  



-28- 

t e m i o a  on the  paper while i n  t h e  g e l a t i n  s o l u t i o n  y i e lded  
bet-lzr specirnezs. A p u l l  of n o t  more than  33 grams p e r  
c e n t i m t e r  of  pa?er edge seerned to be adequate.  Thus our  
f i l m  o? 15 cm. width were subjec ted  t o  a 500 gm. p u l l  
uaZfornly d i s t r i b u t e d  along t h e  edge. It was discovered 
eaz ly  "shz,t i f  dqy por t ions  of t h e  c e l l u l o s e  s h e e t  
p r o j e c t e d  beymd t h e  S e l a t i n  s o l u t i o n ,  t h e r e  would be . 
xrir .kles  due t o  t h e  s t r e t c h i n g  of t h e  wet shee t .  The . 
best r e s ~ l t s  leere obtained when the c e l l u l o s e  shee t  was 
c u t  sxal le?  'than t h e  g e l a t i n  f i l m .  However, i n  o r d e r  t o  
p e r n i t  hzndl ing ,  t h e  shee t  was made larger  than  t h e  f i l m  
i n  t he  l o n g  d i r e c t i o n .  Applied t o  an a c t u a l  example t h i s  
c e z n t  t h a t  f o r  a g e l a t i n  f i l m  55 x 15 cm t h e  c e l l u l o s e  
skeet xas 6j cm x 1 4  cn and was l a i d  i n t o  t h e  f l u i d  
g e l a t i n .  The c e l l u l o s e  shee t s  were c u t  with,  ac ross  
an6 01: 9 bias with t h e  d i r e c t i o n  of the c e l l u l o s e  f ibers .  
The leas-c m o u n t  of wrinkling occurred when t h e  f i b e r s  
:;ere pe-pendicular t o  t h e  long dimension of t h e  f i l m .  
.Aixost as good r e s u l t s  were obtained wi th  t h e  f ibers  on 
a blas. 

"valuzkion of t he  f i l m s  d i sc losed  t h a t  only one . .  0 f C u-Le 'q x r e e  r ' i l m s  had t h e  necessary impermeability, namely 
the f i k ?  im which t h e  c e l l u l o s e  f i b e r  d i r e c t i o n  was perpen- 
d i c u l z r  t o  t h e  f i l m  l e n g t h .  Since t h e  3ermeabi l i ty  i s  n o t  

m u s t  co;;ci-se that t h e  incidence of success fu l  f i l m  
p rzpzz -L icn  x i t h  c e l l u l o s e  reenforc ing  f ibers  is low. 
The f i l a  ::self V J ~ S  good having a helium transmission of 
6.56 cc/l;Cin .*/24 hrs/atmosphere and the t e n s i l e  s t rength 
was 8370 lbs/in.2. These values  compare favorably w i t h  t h e  
b e s t  vaL~ies o'stained using g e l a t i n  a lone but because of t h e  
d i f  f i c u l t l e s  encountered during the prepara t ions  we e l e c t e d  
t o  e l imina te  the c e l l u l o s e  f i b e r  reenforced f i l m s  from 
further cons idera t ion  u n t i l  a d e f i n i t e  need f o r  them is 
i n d i c a t e d .  

- 7 I ; c e l y  L O  be d i r e c t l y  r e l a t e d  t o  t h e  f i b e r  d i r e c t i o n ,  we 

A t t e m p t s  were made a t  o r i e n t a t i n g  t h e  molecules 
i:: e g e l a t i n  film by heat ing t h r e e  m i l  f i l m s  conta in ing  f i v e  
percent  g l y c e r o l  under tens ion .  The speciments, 40 x 15 cm 
were s'cretcned between two 500 gram loads  and heated by 
i n f m - r e d  lernps t o  167-170"C. The f i l m s  shrunk r a t h e r  than 
s t r e t c h e d ,  t h e  arnoullt of sh r ink  being about 0.5% o r  2 t o  3 
mm f o r  t h e  sgecinens be ing  used. The l a c k  of s t r e t c h i n g  
??-=.obably meant that no zppreciable  amount of o r i e n t a t i o n  
had taken p lace .  T h i s  idea w i l l  be f u r t h e r  evaluated 
~ ; s i ~ g  the  behavior o f  t h e  f i l m  on the t o r s i o n  pendulum 
as a c r i t e r i o n  of i t s  u t i l i t y .  

FIK'AL SELECTIOX OF FILM FORMULATION 

optirxrn 
The fi l in 

p r o p e r t i e s  
composition chosen as possessing 
hzd the fol lowing composition: 

the 

G e l a t i n  100 par ts  
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Glycerol 16 parts 

Ox E i l e  1 p a r t  

4. s tock  p i l e  of twenty-four f i l m s ,  55 x 30 cm was 
pFepsred us ing  t h e  above formula wi th  t he  necessary amount 
o l  wzce?. 

Samples of t h e s e  f i l m s  a f t e r  t h e  usua l  condi t ion ing  
t -es-ment  at 73°F and 50% r e l a t i v e  humidity f o r  a minimum of 
'hJency-four hours, were evaluated f o r  gas t ransmiss ion  and 
t e ~ s i l z  s t r e n g t h  with the following results: 

E e l  ium 

Cxygen 

Nitrogen 

Carbon Dioxide 

12.15 cc/lGOsq.in:/24 hrs./atm. 

23.08 I t  I I  I I  11 

0 302 I t  
I t  I I  I 1  

. 0.0258 I I  I1 I t  

I t  I t  . I I  11 2.6 

FGW samples of the  f i l m  descr ibed above were hea t  

O n  eva lua t ion  f o r  gas t ransmiss ion  and t e n s i l e  

t r e a t e d  in a Porced d r a f t  oven a t  101 + 1'C for s i x  days. 

s t rez&-i t k e  fol lowing r e s u l t s  were obtained : 

- 

G!IS T3AKST*IISSION 

-- riy d r o g e n 

Helium 9 097 

4.66 cc/lGOsq.in./24 h r s  ./atm. 
11 I I  I I  I I  

Oxygen 0.0958 II I 1  11 I t  

I I  11 I I  I t  Nitrogen 0.053 
Carbon Dioxide 0.616 I I  I I  I 1  I t  

pounds/ sq. i n .  
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‘i‘vjo 3j 3u ‘in cnn films were exposed t o  two 
lqz;2 ~ * a ; A ~ ? > - p -  .A- ..-y ve?or lamps for a t o t a l  time of t h i r t e e n  

days .  -:.C%T t he  i r r z d i z t i o n ,  t h e  2 i l m s  were condi t ioned 
s’c 30$ x i a t i v e  humidity a t  73°F. and evaluated f o r  gas 
trai:sslssion ecd t e n s i l e  s t r e n g t h .  

Eydrogen 6.15 cc/lOO sq.in/24 hrs./atm. 
Zeiiurn 16.62 cc I1 11 

Cxyger, 0.172 

Nitrogen 0.032 
Carbon Dioxide 1.57 11 I I  ’ 11 

11 I I  I 1  

I1 II 11 

I--@ -,NSiLZ STZXGTX 

3,790 lbs./sq. i n .  

The tx,elve samples of g e l a t i n  f i l m  were subjec ted  
L 
LO a -lS.s.6aC. t reatment  wi th  l i q u i d  n i t r o g e n  f o r  two t o  t h r e e  
nc-uc,. 4.5-cer condi t ion ing  a t  50% re la t ive  humidity and 73’F. f o r  
bwenty r ” o x  nours, t h e  samples were evaluated wi th  the fol lowing 
rcsul’cs : 
J- 

iiy d 20 gen 9.77 cc/lOO sq.in./24 hrs./atm. 
XeliLrn 21.54 I 1  11 11 

Oxygen 0.466 I I ’  I I  I I  

11 I 1  11 Nitrogen 0.051 

Carbon Dioxide 5.52 11 11 I1 

3,620 lbs ./sq. i n .  

r- TQT iOrL,-ON ?EN2Z.,IJiY STUDIES 

At the reques t  of t h e  p r o j e c t  monitor M r .  David 
Lav~son,  T;?e o-L.igir,ally planned! t o  b u i l d  a t o r s i o n  pendulum 
c s  d e s c 5 3 e C  ’cy Koppelman, Von Jan, Kolloid 2 .  144, 22 (1955). 
The device KES t o  be used f o r  the  s tudy of t h e  s o r t e d  
b r i t t l e n e s s  cr” g e l a t i n  films a f t e r  exposure t o  cryogenic 
t a n p e r z t u r e s  . 
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The z v a i l a b i l l t y  of commercial t o r s i o n  

u.icn un&.r'cake t he  c o n s t n c t i o n  ourse lves .  A s  the r e s u l t  
o f  3 -:?ip 'GO Jez ??opulsion Laboratory,  D r .  T.  H. Donnelly of s7>:.%- 
corxs:sonding a u x i l i a r y  apparatus  the fol lowing:  

- 3 -  +;.Culi;l;:s persuaded u s  t o  cons ider  one of these rather 
J- 7- 

seiec-ced as 'Ghe appropizte  instrument  and the 

1 - 3irzc'c ?.zcorei3g Torsional  Pendulum Item No, 100,628 
X 2 s - k ~  Tzst Unit including Test Stand, Transducer, 
I-r,e=.tia Discs,  Environmental Housing 345,000 from 
?Ias-fech.  Equipment Corp. of Natick, Mass. a l so ,  
. t ! . = n n  I - 7 i J ~ ~  - 603-000-1866-6-002-001-145-146 Speedomax 
Type W Eecorder.  

12  - .'LL.L?l ,, . J - , c ~ o  n r r  S2eedornax W S t r i p  Chart Paper - 200.C 
'GO -:-15G0C . 

1 - xo. 8784-~-3-3-18-~ Copper-Constantin Swaged 
%.zraocouple  18" long  from: 

Leeds e: Northrup Co., of 
Park iiidge, I l l i n o i s  

3 a d d i t i o n  we have received from Jet  Propuls ion ' 

Laborz'Gory the fol lowing government proper ty  on a l oan  basis : 

' -. Oscilloscope Tekt ronic  532 J-270-F-47436 

2 .  Type H Plug-in LA -61 817 

3 .  H. P O s c i l l a t o r  J -27OF -2883 

4. Voltmeter H H.P. 400D J-270F-8243 

5-270F-14369 - 
3 .  Caaera C-12 

- D.  Lawsor. has s e t  up the equipment f o r  u s  and 

co>l-cpcc.; continuation has now been received and subsequent 
wo:-;C :+21 get under way as of August first t o  c a r r y  ou t  t h e  

~~~s c>&,3cl<Zd it 0""- uCI a g a i n s t  a c t u a l  g e l a t i n  samples. The new 

piWg22r.. 

A limited anoun'c of experimental  work has been 

,r=1z %e bes-; r z s u l t s  were obtained from g e l a t i n  
sol::';lc:rs coa:ziaiag about 25% s o l i d s  poured onto g l a s s ,  
'-*rAcse co~ l i i :  chcn be cui; with s c i s s o r s  before  complete 
CT:lLzg GT 3y sco-ing and snapping a f t e r  complete dry ing .  
Sur 'f?fciz-c~ samples r=.e a v a i l a b l e  t o  permit  u s  t o  f a m i l i a r i z e  
oi l rselves  v:LJch tix workings of t h e  instrument .  

c 7 -*-A: '3 2 ou-G ii? t h e  preparation of massive specimens of 
e. J- 2 .~ 

-. - -  
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I n i t i a l l y  we will follow t h e  plan of approach 
ou t l ined  i n  t n e  mod i f i ca t ion  I of Contract  NAS 7-48". 
The p l a n  given there  w i l l  enable us  t o  o r i e n t a t e  ou r se lves  
as t o  results t o  be expected and t h e  d i r e c t i o n  which 
subsequent work should t a k e ,  

The nuzber of man hours used in t h i s  f i s c a l  
per iod  Ls 152 amounting t o  an expendi ture  of $1,795.12. 
W e  ' ~ o - k l  hours and expendi tures  expended i n  the  c o n t r a c t  
t o  G Z ~ ; ; L ?  i s  1943 hoc-s and $22,977.14 o r  99.47% of the tota l . '  
>.cy ~;1-.uszd b z l a c e  w i l l  be c a r r i e d  over  i n t o  the second 
twelve nonths of t h e  modified c o n t r a c t  . 

"Y :LL 

HARLAND H. YOUNG 


